soil of open areas where lateral roots extend and of areas directly beneath the canopy. Paulsen's measurements in the mesquite stand were confined to areas outside the perimeter of mesquite canopies. On the basis of knowledge gathered from other species, we expect absorption of soil moisture by lateral roots to be accompanied by absorption of soil nutrients. The nutrients are translocated to various parts of the tree, incorporated in plant biomass, and eventually returned to the soil as leaves, twigs, and other plant parts are shed. The bulk of this material falls directly beneath the mesquite canopy. This process presumably results in a more or less depleted nutrient regime, harsh physical condition of the soil in open areas, and a soil enriched by nutrients and organic matter beneath the canopy.
That such an alteration of the soil occurs is well documented in the literature (Fireman and Hayward, 1952; Zinke, 1962) . In addition, mesquite trees may create a windbreak whereby loose organic debris swept from areas between trees is deposited beneath the mesquite canopies. The canopy then protects such material from removal by raindrop action and runoff. The magnitude of the alteration with respect to specific nutrients and species is not well known, nor is the effect on associated vegetation understood. For example, on some desert grassland areas, perennial grasses have been found to be more abundant under mesquite trees than in natural openings (Humphrey, 1962) , but explanations for this association between grass and trees are wanting.
Measurements by Tiedemann (1970) show that production of perennial grasses under mesquite may exceed that in the open by five times (1,200 kg/ha vs. 225 kg/ha). Differences in soil moisture and soil temperature between areas under mesquite and open areas were not sufficient to account for this difference.
This study was conducted to assess the impact of mesquite trees on physical and chemical properties of the soil in natural openings and in areas under mesquite trees in an effort to explain the tree-grass association. At each location, three cores and one loose sample were collected for the soil layers of 0-to 4.5-cm, 7.5-to 12-cm, and 15-to 19.5-cm.
Methods
Bulk density, soil texture, total nitrogen (N) (exclusive of nitrate and nitrite N), organic matter, hydrogen ion activity (pH), total soluble salts, and total phosphorus (P) were measured using procedures described by Black et al. (1965a and 1965b) .
Total sulfur (S) was measured by dry combustion and iodiometric titration (Tiedemann and Anderson, 1971) and total potassium (K) by multiple acid digestion and atomic absorption spectroscopy (Belt, 1967) .
Analyses of variance were performed on the data. The design was split-plot with whole-plot treatments (location of soil sample in relation to the trees) occurring in blocks (trees). Soil depth was the split-plot factor. Depths were compared across locations using the Duncan Multiple Range test.
Results
Mesquite trees had significant impacts on the chemical and physical condition of the soil. Many characteristics examined varied with depth, but with the exception of pH, change with depth was confined to locations under mesquite.
Bulk density in the surface 0-to 4.5 cm soil layer under mesquite trees was significantly lower than in the open ( Table 1) . Bulk density increased significantly with depth under mesquite trees; no change with depth was noted in soils beyond the tree canopies. Soil texture did not change significantly among layers or locations. However, increasing amounts of gravel were found with depth on the north side of mesquite trees.
Organic matter, total N, and total S in soil under mesquite were two to three times greater in the 0-to 4.5cm layer than in the two lower layers. There was no significant difference among soil layers in the open. Approximately three times more organic matter, total N, and total S were found in the 0-to 4.5cm layer under mesquite than in the same layer in the open. In addition, total S in the 7.5 to 12 .O-cm layer was significantly greater in both locations under mesquite than in the open.
Location under the tree affected potassium levels. On the north side of mesquite trees, K increased significantly In contrast to differences observed with total N and total S, total P did not change significantly among locations regardless of the depth. There was, however, a significant decrease between the Oto 4.5~cm and 15-to 19.5~cm layers on the north side of mesquite trees.
between the 0-to 4.5~cm and the 15-to 19.5~cm layers. Total K was also higher at the latter depth on the north side of trees than on the south side or in the open. There was no change in total K among soil layers on either the south side of trees or in the open.
Soil reaction (pH) increased significantly with depth in all three locations, but there were no differences among locations at any depth. Total soluble salts declined significantly with depth only on the north side of mesquite trees.
Comparisons among locations showed that total soluble salts in the 0-to 4.5~cm layer were significantly higher on the north side of mesquite than on the south and significantly higher on the south than in the open. No other layer comparisons among locations were significant.
Discussion and Conclusions
Since about 95-98% of soil N and S is tied up in organic matter, we would expect most of the N and S to be located The presence of more N, K, S, soluble salts, and organic matter in soils under mesquite trees than between trees supports our hypothesis that mesquite trees enrich the soil under their canopies at the expense of the soil nutrient capital in the open areas. The mesquite tree seems to effectively redistribute nutrients which it has absorbed throughout its rooting volume to a zone principally beneath the tree canopy where the bulk of leaves, twigs, and other plant parts fall when shed by the tree. Garcia-Moya and M&e11 (1970) observed a similar pattern of enrichment of soil N under the canopies of other desert shrubs (Larrea, Acacia, and Cassia) while Zinke (1962) demonstrated the effect of shore pine (Pinus contorta) on the distribution pattern of several soil properties on a coastal dune in California.
in the zone of concentration of organic matter and near the point of accrual of organic matter to the soil for these ecosystems. Our data indicate that the vertical concentration gradient for N and S under mesquite is not as steep as that for organic matter. This is to be expected because colloidal organic matter (humus) does not readily move downward in calcareous soils. On the other hand, the soluble products of N and S mineralization (nitrate and sulfate) can be expected to be leached downward if their availability exceeds the demands of plants and microorganisms during periods of rainfall sufficient for leaching.
Despite the marked effect of mesquite on several soil nutrients and organic matter, its effect on soil pH was not significant over the lifetime of the tree ecosystems sampled. The change in pH with depth is characteristic for the Sonoita gravelly sandy loam soils and reflects leaching of carbonates from surface soils and precipitation deeper in the profile. There does seem to be a trend toward significantly lower pH on the north side of trees where pH reached 5.7 in the surface layer as opposed to 6.0 on the south side of trees and in the open. Perhaps heavier accumulations of litter on the north side of trees (2,100 kg/ha vs. 1,300 kg/ha on the south) accounts for this trend. But acidity of percolates from this litter or throughfall are probably not sufficient for rapid changes in soil pH. Leachates of mesquite litter soaked overnight with distilled water (ratio 1:8) produced a pH of 6.90 while those of an equal volume of fresh and dried leaves had pH values of 5.66 and 5.32, respectively. Without soaking, the leachate from fresh leaves had a pH of 6.33. Comparison of these values with those from several other sources (Jenny, 1941) suggests that leachates of mesquite litter are characteristic of those from broad-leaved (Black, 1968) . This situation is more likely to occur on the north than the south side of mesquite trees. Moreover, from the standpoint of total water movement, the opportunity for leaching appears better on the north side of trees.
The distribution of P with depth on the north side of mesquite trees is opposite that of K (i.e., amount of P declines with depth). This can be expected as the phosphate ion is relatively immobile and is not likely to move rapidly downward from the point of accrual to the soil. Differences between soil layers are more likely to occur on the north side of trees where accrual of P via litter fall is greater. The expected higher accruals of P on the north side of mesquite trees seem to be showing up in a trend toward differences between locations even though the differences are not yet significant.
Data presented in this paper demonstrate a definite distribution pattern of soil properties within the zone of influence of mesquite trees. There is a strong indication that the mesquite trees plains the abundance and improved growth of perennial grasses observed under mesquite (Humphrey, 1962; Tiedemann, 1970) . In some situations, particularly on ranges which have had poor grazing management, perennial grasses may not be abundant under mesquite. Our observations indicate that cattle seek out the more palatable forage under mesquite trees on the desert grassland. Unless this use is controlled, the perennials probably lose vigor rapidly and eventually succumb. Despite ability to adapt to shade under the conditions of improved soil fertility, the grasses growing under mesquite are probably more vulnerable to grazing pressure, especially from the standpoint of root growth and total carbohydrates, than grasses growing in unshaded conditions.
